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The importance of preserving venous outflow when 
performing skull base surgery has been emphasized 
and recognized.4 Although the use of the petrosal 

approach has been widely reported, the location and pres-
ervation of the superior petrosal vein (SPV) are usually 
not given particular consideration in this context.1–3,7,16,28

The venous anatomy and its variations remain among 
the most crucial factors in the safety of the petrosal ap-
proach.25 In this approach, the tentorium and superior 
petrosal sinus (SPS) must be cut to gain a wider surgical 
field. Many authors have suggested cutting the SPS just 
before entering the sigmoid sinus.1,3,7 This technique has 
the risk of obstructing the venous flow of the SPV to the 
lateral sinus. Some authors have even recommended cut-
ting the SPV during this approach.5,9 It has been report-
ed that severing the SPV is a safe procedure and rarely 
causes problems,10,22 but several cases have been described 
in which neurological deficits developed after sacrifice of 
the SPV.15,17–20,29,30 A recent study described a rate of minor 
complications of 23% and a rate of major complications of 
almost 7% after an intraoperative SPV occlusion.17 A new 
technique was introduced in 2011 by Al-Mefty by applying 
the combined petrosal approach without cutting the SPS, 
but this technique is limited by a narrow working space 

under the tentorium along the posterior trajectory.20 In 
planning the petrosal approach, great consideration should 
be given not only to the vein of Labbé and the temporal 
venous drainage system but also to the SPVs. Opening the 
dura requires special skill, especially in dividing the SPS, 
preserving not only venous flow from the posterior tem-
poral veins and the vein of Labbé but also the venous flow 
from the SPVs, if possible.

We report our technique of incising the dura and SPS 
with special attention to the location of the SPV so that the 
normal flow of the SPV to the lateral sinus can be main-
tained. Over the years, this technique has been used suc-
cessfully by the senior author (K.O.) in a number of cases, 
and we believe that it is important to reintroduce it to the 
neurosurgical community. We discuss the advantages, 
limitations, and clinical implications of this technique and 
present an illustrative case to demonstrate its application.

Methods
Between July 2007 and March 2014, 62 patients under-

went a petrosal approach in Osaka City University Hospi-
tal. In 45 of 62 patients, petrosal veins could be detected 
during the surgical procedures. Therefore, the petrosal ap-
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proach with preservation of the SPV was applied in these 
45 cases. In the other 17 cases, petrosal veins were already 
occluded by tumor involvement, and this technique was 
not required. The mean age of the 45 patients who were 
treated with the SPV-preserving technique was 58.2 years; 
82.2% of the patients were women. The most common di-
agnoses were petroclival meningioma (n = 25), craniopha-
ryngioma (n = 12), trigeminal schwannoma (n = 4), pon-
tine cavernoma (n = 2), and chordoma (n = 2). All patients 
underwent preoperative radiological evaluation with MRI 
and digital subtraction angiography. Before surgery, pe-
trosal veins were radiologically detected in 20 (80%) of 
the 25 patients with petroclival meningiomas and in all 
(100%) of the patients with craniopharyngiomas, schwan-
nomas, cavernomas, and chordomas. In 5 of the patients 
with petroclival meningiomas, preoperative images could 
not predict the existence of petrosal veins. 

operative technique
Patient Positioning and Incision

After induction of general anesthesia, the patient is po-
sitioned in the lateral park bench position. The temporal 
region is kept in the horizontal plane (parallel to the floor), 
and the head of the table is elevated approximately 35°, re-
sulting in a kyphotic curve in the upper thoracic and cervi-
cal regions of the spine. A periauricular skin incision and 
muscle elevation is performed.

Craniotomy and Splitting Mastoidotomy
An occipitotemporal bone flap involving the retrosig-

moid and temporal regions is shaped. The outer table of 
the mastoid process is split. The outer table is saved by re-
moving only the inner table by means of a high-speed drill 
until the posterior half of the entire length of the sigmoid 
sinus is exposed.

Petrosectomy
The sigmoid sinus is protected with a retractor, and 

then a retrolabyrynthine mastoidectomy exposure is per-
formed with optimal skeletonization of the semicircular 
canal. The posterior part of the antrum is opened without 
exposing the ear ossicles. The dura mater is retracted pos-
terior to the petrosal bone to expose the endolymphatic 
sac. The endolymphatic sac, which is relatively white in 
color compared with the surrounding dura mater, is iden-
tified and incised at the posterior surface of the petrosal 
bone. The petrosal ridge has already been removed up to 
the level of the internal auditory canal (IAC). The petrous 
apex resection is the key point in this approach, because it 
creates a smooth plane over the temporal bone down to the 
clivus.27 Several reports have demonstrated that partial re-
moval of the bony labyrinth could be safely performed to 
allow increased petroclival and upper brainstem exposure 
while preserving normal hearing.6–14,23 Even if the canals 
are not opened, their bony canal should be identified for 
efficient petrosectomy.

Dural Incision
The middle fossa dura is opened along the inferior tem-

poral lobe toward the SPS (Video 1). 

Video 1. Video clip demonstrating the petrosal approach with 
dural incision and preservation of the SPV. Copyright Irwan Barlian 
Immadoel Haq. Published with permission. Click here to view with 
Media Player. Click here to view with Quicktime.

The subtemporal dural incision is made as far anterior 
as possible, and its medial extent runs along the lateral 
margin of Meckel’s cave (Fig. 1A). The presigmoid dura 
(Trautmann’s triangle) is opened along the sigmoid sinus 
toward to the margin of SPS, paying great attention to the 
position of the SPV and its entry point to the SPS (Fig. 
1B). The posterior fossa dura is opened, leaving 5 mm of 
dural fringe both along the anterior margin of the sigmoid 
sinus and along the inferior margin of the SPS. To per-
form transection of the SPS and the tentorium, first the 
point of insertion of the SPV is inspected, and then the 
SPS is transected as medially as possible, closely poste-
rior to the trigeminal nerve to spare the SPV. The SPS is 
ligated with a clip at the medial side of the entrance of the 
SPV. The tentorium has been divided from the point of the 
transection of the SPS to its hiatus, right behind the dural 
entrance of the trochlear nerve (cranial nerve IV). Before 
cutting the tentorium, the trochlear nerve has to be identi-
fied by subtemporal route (Fig. 1B). Sectioning of the SPS 
in this medial side allows the SPS, the cerebellum, and 
the temporal lobe and its draining veins to be retracted 
as a unit. The SPV can be mobilized superioposteriorly 
with the SPS and thus be safely preserved and secured 
(Fig. 1C).

It is not necessary to expose the vein of Labbé for 
preservation, because the exposure itself may pose risk 
of damage.12 However, the sphenopetrosal sinus has to be 
identified during the dural incision at the base, and if it 
is remarkable, it must be preserved to prevent temporal 
venous congestion.11,12

case illustration
This 58-year-old woman presented with a 3-month his-

tory of progressive gait ataxia. Neurological examination 
was remarkable for left-sided limb ataxia and truncal atax-
ia. There were no cranial nerve abnormalities. Preopera-
tive contrast-enhanced MRI revealed a broad-based lesion 
consistent with a left petroclival meningioma involving the 
cavernous sinus with marked brainstem compression (Fig. 
2B). MR venography showed the location of the SPV and 
its entry point to the SPS. The patient underwent a com-
bined petrosal approach with preservation of the SPV. Be-
cause the patient manifested no evidence of preoperative 
cranial nerve deficit from this cavernous involvement, the 
decision was made not to remove the intracavernous por-
tion of the lesion. Postoperative MRI revealed removal of 
the posterior fossa component of the tumor, with the resid-
ual tumor within the confines of the cavernous sinus (Fig. 
2C). The patient had an uneventful postoperative course 
and was able to return to her regular level of activity.

Results
Patency of the petrosal vein was confirmed by Doppler 

flow measurement or indocyanine green video angiogra-
phy at the end of each operation. Petrosal veins were pre-
served in all 45 cases. Postoperative MRI was performed 
in all cases and did not show any complication that might 
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be associated with sacrifice of petrosal veins, such as cere-
bellar and brainstem edema, cerebellar venous infarction, 
cerebellar hemorrhage, brainstem hemorrhage, or hydro-
cephalus. Therefore, no postoperative CT venography or 

angiography was performed for evaluation of the patency 
of the petrosal vein. New-onset postoperative neurological 
deficits included diplopia in 4 patients, facial numbness in 
3, facial palsy in 3, and hearing disturbance in 4, but these 

Fig. 1. Petrosal approach on the right side. a: Completion of the craniotomy and petrosectomy reveals the semicircular canal 
and presigmoid dura (Trautmann’s triangle) bounded by the sigmoid sinus, SPS, and posterior semicircular canal. The red line 
indicates the site of the dural incision. B: The middle fossa dural incision is made as far anterior as possible along the inferior tem-
poral lobe toward the SPS. The presigmoid dura is opened along the sigmoid sinus toward to the margin of SPS, leaving a 5-mm 
dural fringe along the anterior margin of the sigmoid sinus and the inferior margin of the SPS. c: Illustration of the completed dural 
incision. The point of insertion of the SPV is inspected, and the SPS is ligated with a clip at the medial side of the entrance of the 
SPV to spare this vein. The tentorium has been divided from the point of the transection of the SPS to its hiatus, right behind the 
dural entrance of the trochlear nerve. CN = cranial nerve; MMA = middle meningeal artery; V.3 = mandibular division of trigeminal 
nerve. Copyright Irwan Barlian Immadoel Haq. Published with permission. Figure is available in color online only.

Fig. 2. a: Preoperative axial contrast-enhanced MR image obtained in a patient with a left petroclival meningioma involving the 
cavernous sinus.  B: Preoperative MR venogram demonstrating the relation between tumor blush, the SPS, and the SPV.  c: 
Postoperative axial MR image obtained after resection via the left combined petrosal approach. Reduction of tumor volume to 
the minimal residual amount in the cavernous sinus was achieved.  d: Intraoperative photograph of the initial exposure following 
petrosectomy and dural incision with SPV preservation. Temporal extradural retractors are in place. The tumor is attached in the 
tentorium and petroclival region. Figure is available in color online only.
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deficits were caused by direct manipulation of the cranial 
nerves.

discussion
In approaching the skull base, neurosurgeons have de-

veloped special surgical techniques to allow appropriate 
exposure with minimal brain retraction. The posterior pe-
trosal approach was first described by Hakuba in the late 
1970s and was popularized by Al-Mefty 10 years later. 
The presigmoid transpetrosal approach to tumors and vas-
cular lesions of the petroclival and posterior cavernous 
sinus area is now well established. The petrosal approach 
provides an excellent pathway to the petroclival region and 
the posterior cavernous sinus.8 With the petrosal approach, 
retraction of the brain is minimal, and there is little possi-
bility of injuring important superficial anastomotic veins, 
including the vein of Labbé.12 With further advances in 
skull base surgery, extension of the petrosal approach has 
become the key to accessing lesions in notoriously chal-
lenging regions, including petroclival meningiomas,3,16 
retrochiasmatic craniopharyngiomas,1,2 giant upper basi-
lar artery aneurysms, and brainstem lesions.

anatomy of the Venous drainage System of the SpV
The venous drainage of the SPV has many variations. 

These veins are among the largest and the most frequent 
veins in the posterior fossa.24 The SPVs drain the anterior 
and lateral surfaces of the brainstem, the petrosal surface, 
and some of the lateral parts of the tentorial and suboc-
cipital surfaces. The SPV may be formed by the terminal 
segment of a single vein or by the common stem formed 
by the union of several veins. The most common tribu-
taries of the SPV are the transverse pontine and pontotri-
geminal veins, the common stem of the lateral group of 
the superior hemispheric veins, and the veins of the cer-
ebellopontine fissure and the middle cerebellar peduncle. 
The anterior hemispheric veins, which drain the petrosal 
surface, and the veins from the brainstem commonly unite 
to form the SPVs, which empty into the SPS.28 SPVs are 
subdivided into lateral, intermediate (rarest), and medial 
(most frequent) groups, based on the relationship of their 
site of entry into the SPS to the IAC. The intermediate 
group drains into the sinus above the IAC, the medial 
group drains into the sinus medial to the canal, and the lat-
eral group drains in to the sinus lateral to the IAC.21,24 Af-
ter SPV obliteration, compensatory venous blood drainage 
seems to occur via anastomotic pathways directed to the 
ipsilateral supratentorial deep veins. Anastomoses to the 
contralateral petrosal vein system do not suffice to install 
an adequate outflow.8

clinical implications of SpV occlusion
Inadvertent obliteration or compression of deep cere-

bral venous outflow has been among the major causes of 
brain damage following skull base surgery.4,15 The im-
portance of SPV preservation and possible postoperative 
complications after SPV obliteration during surgery has 
already been a matter of discussion. Differing advice on 
how to handle the SPV during skull base procedures can 
be found in neurosurgical literature.17,26,27

There are controversies in the literature surrounding 
the consequences of intraoperative obliteration of the SPV. 
The large anatomical variability of SPV is most likely re-
sponsible for the inconsistent occurrence of postoperative 
complications.11 It has been reported that severing of the 
SPV is a safe procedure and rarely causes problems,10,22 
but several cases have been reported in which neuro-
logical deficits were developed after sacrifice of the SPV. 
These complications include contralateral hearing loss, 
transient postoperative cochlear nerve deficit, cerebellar 
and brainstem edema, cerebellar venous infarction, pe-
duncular hallucinosis, cerebellar hemorrhage, brainstem 
hemorrhage, and hydrocephalus, leading in some cases 
to coma and death.15,17–20,29,30 In a recent study, Koerbel 
and colleagues17 describe a rate of minor complications of 
23% and a rate of major complications of almost 7% af-
ter intraoperative SPV occlusion. None of the 27 patients 
with microsurgically treated petrous apex meningioma 
in whom the SPV complex was preserved showed any 
complication related to venous congestion, whereas after 
SPV obliteration minor complications occurred in 7 of 30 
patients and major complications occurred in 2 patients, 
although not all of the morbidity was necessarily due to 
the SPV obliteration. Preservation of the SPV complex, 
especially when composed of large-caliber veins, should 
be attempted whenever possible to increase the safety of 
surgery.17

advantages and limitations of this technique
Our dural incision technique does not add any signifi-

cant difficulty for the neurosurgeon. The advantage of this 
technique is the potential decrease in the risk of postop-
erative venous complications such as venous infarction or 
hemorrhage.

Nevertheless, preservation of the SPV is not always 
possible during the petrosal approach. Tumors involving 
the petrous apex may encase the SPV. Therefore, the SPV 
sometimes has to be obliterated during this procedure be-
cause of its proximity, or even adherence, to the tumor.

conclusions
The SPV should be considered a critical structure in 

the petrosal approach. Preoperative evaluation of the 
anatomy of the SPV can minimize intraoperative sacri-
fice and prevent subsequent postoperative complications. 
To avoid intraoperative injury to the SPV, dural opening 
must be performed with special attention to the SPV and 
its entry point to the SPS. Preservation of the petrosal ve-
nous complex, especially when composed of large-caliber 
veins, should be attempted whenever possible to increase 
the safety of surgery.
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